Objective Self-care is a key component in the management of chronic heart failure (CHF). Yet there are many barriers that interfere with a patient's ability to undertake self-care. The primary aim of the study was to test a conceptual model of determinants of CHF self-care. Specifically, we hypothesized that cognitive function and depressive symptoms would predict CHF self-care.
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Background
The prevalence of chronic heart failure (CHF) within the ageing populations in the Western World remains high [1, 2] . The clinical trajectory of CHF is often characterized by chronic symptoms often interspersed with acute symptoms requiring hospitalisations for treatment [3] . It has been estimated that 50% of these re-hospitalisations are potentially preventable [4, 5] through better adherence with self-care practices [6, 7] .
Given its importance in preventing potential fatal clinical crises, teaching patients self-care
behaviours is a key non-pharmacological component in the management of CHF [8] . Patients are taught self care strategies that enable them to engage in healthy behaviours such as following a low sodium diet and taking appropriate actions for symptoms [9] . This approach to patient education has been shown to substantially reduce hospitalisations [10] .
Despite a strong focus on patient education, however, the process of self-care is not readily learnt or understood by most patients [11] . Self-care decisions are often based upon the interaction between the person, the problem and their environment [12] and factors known to enable self-care include patient characteristics, environmental factors and social support [13] . Barriers that can interfere with effective self-care and achievement of therapeutic goals include physical factors (increasing age [14, 15] , co-morbidity [7, 16] , and gender [14, 17] ) and psycho-social factors (social support [18] , depressive symptoms [13, 19] , and self-efficacy [20, 21] ). Furthermore, the complexity and collection of symptoms associated with CHF cause functional and cognitive impairments that contribute to the challenge of living with this chronic illness [22] [23] [24] . Indeed, patients with CHF appear to have a 1.6-fold increase in risk for developing cognitive impairment than normal controls [25] . Patients with impaired cognition have poor health outcomes, even when enrolled in a CHF disease management program (CHF-MP) [26] . One suggested explanation for this is that cognitive impairment decreases patients' abilities to assimilate self-care instruction and implement appropriate actions [27] putting them at greater risk of re-hospitalisation. Despite acknowledging the impact of cognitive impairment on the decision-making process there remains a lack of evidence as to the specific reasons why most CHF patients fail to master self-care.
Objectives
The primary aim of this study was to test a conceptual model of factors drawn from the literature as potential determinants of CHF self-care (see figure 1 ). As cognitive impairment occurs frequently in patients with CHF, we hypothesized that impaired cognitive function would be associated with poor CHF self-care practices. Another important factor hypothesized to be associated with poor CHF self-care was depressive symptoms. These and other potentially important factors identified from the literature were examined as potential determinants of CHF self-care in an elderly cohort of patients with the syndrome.
Methods
A convenience sample of consecutive patients hospitalised with CHF had an assessment of cognitive function, depressive symptoms, and self-care behaviours through administration of questionnaires during their index hospital admission. It was calculated that to detect a moderate effect size (R 2 =0.3), with a significance level of 0.05 and allowing for seven predictor variables, a sample size of 50 would achieve 0.9 power. The study was approved by both the Health Network
Research Committee and the University Human Research Ethics Committee and conforms to the principles outlined in the Declaration of Helsinki.
Sample
Between June and December 2005, patients referred to the Chronic Heart Failure Management Program (CHF-MP) across one health network in Victoria, Australia were screened for study eligibility. As most patients are referred to the program during their in-patient episode, assessment of self-care was investigated at this time point so that recommendations could be made for applying and tailoring components of the CHF-MP to individual need.
The inclusion criteria for the study were a diagnosis of CHF using the clinical criteria from the Framingham study [28] and moderate systolic dysfunction recorded on the echocardiogram report. As CHF affects mainly elderly persons, patients under 45 years of age were not included so that the results could be applicable to the wider CHF population. Patients were excluded from the study on the following basis: Neurological problems documented in the medical history (cerebral vascular accident, transitional ischemic attack, short-term memory loss or dementia); residing in a residential nursing home; and inability to answer questionnaires independently due to language barriers. Patients who met the inclusion criteria were approached by a hospital CHF case manager to participate in the study and then referred to the researcher.
Of the 96 patients with CHF screened, 7 patients (4%) were excluded because English was not their primary language, 24 (14%) were excluded because they had a history of a cerebral vascular disease or a transient ischemic attack (TIA), eight (5%) were excluded for dementia, and 7 (4%) declined to participate in the study. These 46 patients could not be compared to the 50 who were included because no further data were gathered on patients if they were excluded or had refused to participate. Fifty (52%) patients met the inclusion criteria and agreed to participate in the study.
Procedure
The primary investigator obtained informed consent from each patient. Overall, patient interviews were conducted 6 days (SD ±5) after hospital admission, usually while patients were still hospitalized. Instruments used to measure CHF self-care, cognitive function and depressive symptoms were administered at the time of the interview. Collected from the medical history were physical and social factors thought to influence self-care factors (age, gender, socially living with support or alone and comorbid illnesses).
Instruments
The Self-Care of Failure Heart Index (SCHFI) [29] was developed to measure adherence to recommended CHF self-care behaviours, patient's decision making ability, and self-care
confidence. The tool provides scores reflecting self-care maintenance (behaviours such as adhering to a low sodium diet), self-care management (the ability to recognise symptom changes, implement remedies and evaluate their effectiveness), and confidence with self-care (confidence to engage in each phase of the self-care process). According to Riegel & Dickson [30] , maintenance and management reflect self-care, and confidence scores should be used to explain why some patients master self-care and others do not. Responses from each of the three self-care scales are transformed to 100 points each; higher scores reflect superior self-care. Scale scores ≥70 are considered adequate self-care scores [31] . Psychometric testing of the SCHFI in 760 patients with CHF demonstrated adequate internal consistency of the self-care scales: self-care management (Cronbach's α.70); and self-care self-confidence (Cronbach's α. 82). Low reliability for the selfcare maintenance scale (Cronbach's α. = .55) was found by the instrument authors, which was explained by knowing that the behaviours reflected in the scale are largely independent [29] . 7 The Cardiac Depression Scale (CDS) [32] , developed in Australia, is a psychometrically sound disease specific measure of depressed mood within cardiac populations. . Testing in a sample of 141 cardiac patients [34] demonstrated that a cut-off score ≥84
had the same specificity as Beck's Depression Inventory cut-score of ≥9 but had statistically superior sensitivity (97% vs 84% p=0.004). The ≥84 cut-off score was used in our study.
The Mini Mental State Examination (MMSE), [35] one of the most widely used screening measures for dementia, was developed to estimate the severity of cognitive impairment. The MMSE consists of 30 questions that screen for orientation, short-term memory, concentration and visual spatial skills. The MMSE has satisfactory reliability, internal consistency and test-retest reliability, as well as high levels of sensitivity for moderate-to-severe cognitive impairment [36] .
Although cut-points are usually reported at 23/24 there is also evidence that using higher-cut scores of 26/27, indicating less severe cognitive impairment, is of prognostic importance [26, 37] . When long-term outcomes from a CHF-MP were compared against usual care in patients with less severe cognitive impairment, defined as a score of 19-26 on the MMSE, McLennan et al [26] found that patients with reduced cognition were more likely to be re-admitted and less likely to survive the five year follow-up than those with MMSE scores >26 at the time of screening. This evidence supported our decision to use a cut-off score 26/27 to the current study. A significant advantage of this tool is that it can readily be used in the clinical setting by nurses or allied health professionals, taking only five to ten minutes to complete [38] .
The severity of co-morbid conditions was assessed using the Charlson Co-morbidity Index, which classifies co-morbidity based on the number and seriousness of co-morbid diseases. The weighted index of co-morbidity has proven to be a significant predictor of 1-year survival with higher scores indicating greater risk of death [39] . Most diseases are assigned an index of 1 but more severe conditions are given a weighted score of 2, 3 or 6. Overall index scores can be categorized as mild, moderate or severe co-morbidity.
Analysis
Analysis began with the calculation of descriptive statistics; normally distributed continuous data are presented as the mean ± standard deviation. Percentages are presented with 95% confidence intervals (CI) where appropriate. In this sample, all patients reported symptoms of breathlessness or oedema in the previous month, allowing for computation of scores of all three components of the SCHFI: self-care management, self-care maintenance and self-care confidence.
Multiple regression analysis was used to assess the model of hypothesized factors and to determine the degree of variance in self-care maintenance and management scores that was explained by cognitive function, depression, co-morbidity (collapsed into two categories: low = weighted index score 1-3 and moderate-to-severe = weighted index scores ≥4), gender, social situation and age. In the regression models, self-care confidence was used as a covariate rather than an outcome based on Riegel and Dickson's theory that confidence influences the ability to perform self-care [30] . The independent variables were entered using an enter method. SPSS (version 12.0.1
for Windows, Chicago, IL) was used for all analyses.
Results
The socio-demographic and clinical characteristics of the group are presented in Table 1 .
Despite being elderly (mean age 73 years) most patients (60%) were still married and only 28% lived alone. Females represented only 24% of the cohort. Half the group had been diagnosed with CHF more than two months previously and half were functionally compromised (NYHA class III-IV). Twenty-seven (53%) reported depressive symptoms with scores on CDS ≥84. Eighteen (36%) patients had a significant Charlson co-morbidity Index score ≥4. Using the cut-point (26/27) on the MMSE, 18 patients (36%) had evidence of potentially important cognitive impairment.
Level of CHF Self-care
The mean self-care scores for the group were: 67. maintenance. Only 12% were adequate in self-care management and 36% in self-care confidence.
Two multiple regression models were generated to determine the relationship between hypothesized predictors (age, gender, co-morbidity, cognitive function, depression, social situation and self-confidence) and the criterion variables: self-care maintenance and management scores.
When self-care maintenance was regressed on the seven variables, they explained 39% (F (7, 42) 3.80 p=0.003) of the variance in self-care maintenance scores (see Table 2 ). Older age made the largest contribution to self-care maintenance scores (β =0.51, p=0.001). To investigate the impact of cognitive function on self-care maintenance a second regression model was analysed removing MMSE score as a factor. The six variables explained 4% less of the variance in self-care maintenance (35% (F(6, 43) 3.91, p=0.003) suggesting that cognitive function added to the model in predicting self-care maintenance.
When self-care management was regressed on the seven independent variables they explained 38% (F( 7, 42) 3.73 p=0.003) of the variance in self-care management scores (see Table   3 ). Higher self-care confidence made the largest contribution to self-care management scores 
Discussion
In the current study the hypothesized model of seven variables explained a significant amount of the variance in self-care maintenance and management. Cognitive function, the variable of particular interest, was not a statistically significant predictor but when this variable was removed from the model, less of the variance in self-care was explained by the remaining variables.
Unique factors explained self-care maintenance and management. Older age and moderate-tosevere co-morbidity were significant determinants of self-care maintenance. In contrast male gender, moderate-to-severe co-morbidity, presence of depressive symptoms, and greater self-care confidence were significant predictors of self-care management. These models illustrate the influence of both modifiable and non-modifiable factors on self-care. Screening for these factors may help identify patients at greater risk of poor health outcomes so that follow-up strategies can be directed to those at greater risk of hospitalisations.
The strongest predictor of self-care was a moderate-to-severe co-morbidity index, which was associated with higher self-care scores for both management and maintenance behaviours.
These results are consistent with those of others [7, 16] who found that patients with more co-morbid illness and poorer functional class were better at practising self-care. Two possible explanations for this are that people with multiple co-morbid illnesses have had time to adapt to living with a chronic illness and are already conversant with self-care practices. Another possible explanation is that increasing symptoms and reduced functional capacity may motivate patients to be diligent with self-care. Arguably the increasing number of co-morbidities associated with aging can compete with patient's self-care management resources making the process of self-care overwhelming [40] .
However, in this small sample we found better self-care in patients with more co-morbid illness and older age.
The finding that older age predicted self-care maintenance is similar to that of other researchers studying chronic diseases [41] and CHF [14, 15] . Qualitative study researchers [42] have found similar results and have challenged the stereotype that elderly people are not interested in undertaking health promoting activities suggesting instead, that older patients are often keen to be actively involved in health promoting activities and self-care behaviours because they prefer to be independent and self-reliant. This perspective may help to explain some of our findings.
The correlation between gender and self-care management was surprising, albeit consistent with the results of other investigators. Chriss et al [14] found that increased age and male gender were significant predictors of CHF self-care, although these variables explained little of the variance in self-care. Karlsson et al.
[17] also found significant differences in self-care between men and women using a researcher developed questionnaire to assess knowledge about CHF management. However, their nurse-based intervention increased knowledge scores in the women over a six month period, so that over time, gender differences were not statistically different (13.5 ±3.0 vs 12.2 ±3.7, p=ns). This suggests that women may have more to gain from CHF-MP interventions that focus on teaching self-care management than men.
Our results also lend support that depression is associated with poor self-care, which may be linked to the interplay between self-efficacy and depression [20] . Tsay and Chao [21] studied the effects of self-efficacy on depression in patients with CHF and found that self-efficacy was an important factor in patients' motivation to maintain physical function and an indirect influence on their depression. The model of Self-care in Chronic Illness [13] also recognizes the important influence that psychological status can have on general self-care behaviors to promote health and prevent illness. Using this model in a qualitative study investigating factors that influenced selfcare, Schnell [19] found that participants who described themselves as being upbeat were able to cope more effectively and practice self-care proficiently. Furthermore depression can result in neurocognitive dysfunction with impairments in memory and executive functions-effects that may indirectly influence self-care [43] .
We hypothesized that cognitive function would have a meaningful influence on self-care. It was therefore surprising to find that impaired cognitive function contributed to the model but individually did not significantly correlate with self-care maintenance or management. These results are consistent with early results from Pressler and colleagues (Susan Pressler, personal communication, November, 2007) who has suggested that CHF patients with impaired cognition are still able to perform self-care maintenance. We had hypothesized that patients who were cognitively intact would perform superior self-care management on the premise that this behaviour requires the cognitive ability to learn, perceive, interpret and respond to symptom changes [27] .
These are higher order cognitive functions that are associated with executive functioning or 13 problem solving skills originating from the pre-frontal cortex of the brain [44, 45] . These cognitive functions are needed to construct and execute effective plans of action [46, 47] . Failure to support this hypothesis could be due to the manner in which cognition was measured. Higher order cognitive functions are not measured by the MMSE and this limitation may help to explain why cognitive impairment was not a strong predictor of CHF self-care. Future studies investigating the relationship between self-care and cognitive function should use tools that are more sensitive in detecting mild impairments in higher order cognitive functions rather than screening measures for dementia.
Overall, self-care was low in this sample which may reflect the newness of the diagnosis.
Only half the patients followed self-care maintenance instructions such as daily weighing; most did not understand the significance of their symptoms. Despite being able to evaluate their symptoms, they were not proactive in implementing any self-care actions. Other researchers [6, 48, 49] also have found that despite being given appropriate instructions, adherence with self-care maintenance behaviours is particularly poor, even following a hospitalization for heart failure. This suggests that patient education alone does not improve self-care practices. Our results lend further evidence to the growing body of knowledge surrounding the number of non-modifiable factors that influence self-care practices. These factors must be considered when developing appropriate follow-up strategies and education programs for patients with CHF.
There were a number of limitations in this study that require comment. Females were not well represented in our study, which may have been due to the screening criteria to include only those with systolic dysfunction on echocardiography. Women often have a different etiology for CHF than males as they suffer more from hypertension than ischemic heart disease resulting in more diastolic dysfunction [28] . Social support was not formally assessed; we merely asked whether or not individuals were living alone. This short-coming may explain why we did not find, as others have found [18, 50] , a correlation between social support and self-care. We also were unable to assess for a potential sampling bias because we did not collect demographic data on patients who qualified but were excluded due to refusal or exclusionary criteria. Despite these shortcomings the results from our study add to the body of evidence that many factors influence on an individual's ability to become competent with CHF self-care.
Implications for research and practice
The results of this small study add to the body of evidence that patients with heart failure overall have poor self-care maintenance and management behaviours in spite of the recent attention to improving this outcome. Our model of variables explained a significant amount of the variance in both self-care maintenance and management. Although, mild cognitive impairment was not statistically significant in this small sample, inclusion of the variable added variance to the predictive model. Executive function is required for insight, will, abstraction and judgmentcharacteristics used to construct and execute effective plans of action [46, 47] . Future studies investigating the correlation between self-care and cognitive function should be conducted in a larger sample and with more sensitive screening tools for identifying mild cognitive impairments affecting frontal and temporal lobes of the brain. Identifying patients who are least likely to engage in self-care may help in the selection of follow-up strategies required to prevent hospital readmissions and improve health outcomes. This would also allow for improved resource management, with specific groups of patients being invited to participate in CHF-MP's.
Conclusions
Patients with CHF are encouraged to become active participants in their care which requires them to be able to interpret the importance of symptom changes, implement appropriate remedies 15 and evaluate their effectiveness. To compound the self-care decision making process, patients with CHF are elderly, suffer concomitant co-morbid illnesses and often have changes in cognition, which may influence their capacity to become effective self-care managers. The results of this study illustrate factors associated with low levels of CHF self care in an Australian population.
Clinical and demographic variables explained moderately large proportions of the variance in selfcare maintenance and management scores. Further research is recommended to investigate the interplay between non-modifiable factors and the application of CHF management strategies selectively directed to those in greatest need for improvements in self-care such as those who are depressed, cognitively impaired, young, female, and those with few co morbidities and less confidence in their ability to perform self-care. 
